ABSTRACT Purpose: Microscopically evaluate the intensity of fibrosis in tubularized skin flaps on the back of Wistar rats, using silicon molds with different degrees of flexibility. Methods: Twenty rats were submitted to three tubularized skin flaps on their backs. In two tubular flaps, we placed, as a mold, silicon catheters with different degrees of flexibility and removed them on the seventh day after the surgery. They were divided into two groups and euthanized, on the seventh and twenty-first days respectively after the surgery for the collection of the pieces, coloration with Masson tricromic, quantification of the area of each sample and comparison among the groups. Results: Fibrosis was less intense on the tubular flaps where a catheter was not used as a mold. No significant difference was verified among the pieces with the silicon catheters, but there was a tendency of less fibrosis on the tubules with the most flexible catheter. Conclusion: There was no significant difference among the two catheter types. Fibrosis was less intense in the flaps where the mold was not used. Key words: Hypospadias. Surgical Flaps. Silicon. Fibrosis. Rats.
Introduction
The use of penile ventral skin for hypospadia repair has reappeared with the Snodgrass technique, which consists of a longitudinal incision on the urethral plate [1] [2] [3] . Hypospadia occurs approximately in one out of 300 liveborn boys [4] [5] [6] . From 1880 on, several techniques have been developed with the use of tubular skin flaps in the treatment of this malady. 7 Complication rates in the postoperative period reach up to 10% and, among the most frequent, are the urethrocutaneous fistulas and the neo-urethra strictures. The latter, related to cicatrization and tissue fibrosis, require urethral dilations and even re-operations, which is very uncomfortable for the patient. Suture threads, the presence and the constitution of the catheters used as a mold have been related to complications. 3 This study, approved by the Bioethics Commission of the State University of Londrina, was performed in order to evaluate the intensity of fibrosis following the use of silicon molds, with different degrees of flexibilitiy, during the fibrotic process in tubularized skin flaps on the back of Wistar rats.
Methods
The experimental study was performed from May to July 2006. Twenty syngeneic Wistar male rats with ages varying from 45 to 60 days were used.
Two types of silicon catheters with different degrees of flexibility were used as determined by resistance to the diametrical compression test according to the general guidelines of the DIN EM ISSO 604:2004 norm, performed by the Instituto de Pesquisas Tecnológicas do Estado de São Paulo (IPT).
Catheter "A" had its diameter deformed in 0.8 millimeters, under compression imposed with a medium load of 1.14 Newton (N). Catheter "B" had the same deformation with a medium load of 2.02N.
The surgical procedure consisted of making three tubular flaps on the dorsal area of the rat. Each flap had two 10mm long parallel incisions, transversal to the spine of the animal, distant 8 mm from each other, measured with a paquimeter. Then, a rectangle was formed with the incisioned transversal sides (10mm) and the longitudinal sides (8 mm) left intact (Figure 1 ). Next, as described on the TIP (tubularized incised plate) technique, the internal margins were inverted and sutured in a continuous way in a unique plan of the layer with a # 6.0 PDS ® (polidioxanone) thread, forming a tube to be covered by suturing the external edges of the incision with separate stitches with # 5.0 mononylon. The caudal tubular flap was left without a catheter (SS). In the cranial flap, the suture was performed on the silicon "A" catheter (SA) with 2 mm of external diameter and 6.3 mm of perimeter. In the flap located in the center, we used, as a mold, the silicon "B" catheter (SB) with the same measures of the A mold.
The animals were divided into two groups for the collection of the flaps and histopathological analysis. Ten animals were euthanized on the seventh day after the surgery (Group I). The other ten animals (Group II) were anesthetized on the seventh day after the surgery for the removal of the catheters and submitted to euthanasia on the 21 st day after the surgery. The histopathological sections were colored with Masson tricromic and positioned in an optical microscope with a camera connected to it. Twenty times magnified images were captured and transferred to the image analysis program (Image Pro 4.5). In each histological section we determined 3 regular square samples in the area juxtaposed to the lumen of the tubular flap, containing dermis and epidermis. The structures colored by Masson tricromic in green/blue were intensified and quantified in percentage in the area of each sample. Thus, the average of each microscope slide from the three samples was obtained. These data were compared at a significance level of 5% (p=0.05). We used the Excel ® spreadsheet, the Bioestat ® software and the ANOVA and Bonferroni statistical tests to analyze the data gathered.
Results
In Group I, there was a significant difference on the coloring in situations A (more flexible catheter) where the average was 72.37% and S (without catheter), with average of 65.73%. The same situation happened in situations B (less flexible catheter), with 75.17%, and S. There was no significant difference between situations A and B. The same analyses occurred in Group II where the averages were 78.63% in situation A, 81.29% in situation B and 75.32% in the situation where the catheter was not used as a mold. In the three situations, there was a significant difference between groups I and II (Table  1) . All the procedures were performed by the same surgeon. Assembling Groups I and II, an average of 75.5% in the color reception in situation A, 78.23% in situation B and 70.53% in situation S was obtained. There was a significant difference between situation S and the two situations where the silicon catheter was used as a mold. There was no significant difference between situations A and B ( In situation S, 75% of the values of the selected color receptions, which corresponded to fibrosis, were smaller than 75.09% of the area of the samples. Only 25% were considered larger than this reception value. In situations SA and SB, this same percentile was 78.92% and 82.84% respectively (Table 3 and Figure 2) . ity, to the smallest occurrence of complications and a satisfactory esthetic and functional aspect 1 . The cicatrization of the urethral plate incision favors re-epithelization of the adjacent vascularized tissue 10 . According to Anwar-ul-Haq et al. 1 , this reepithelization justifies the use of the urethral catheter as a mold for a minimum of 5 days.
There are controversies regarding the risks and benefits of using catheters to mold the neo-urethra and to promote urinary diversion. Buson et al. 11 reported a smaller incidence of fistulas and stenoses with the use of urethral catheters [11] [12] [13] . However, Hakim et al.
14 stated that the decrease in the incidence of fistulas is due to the preservation of the vascularization of the flaps during surgery 14 . Other papers point out that the use of a catheter for bladder drainage decreases the patient's mobility, increases hospital stay, causes pressure on the neo urethra, thus leading to ischemia and, as a foreign body, increasing the risk of infection [15] [16] [17] .
In an attempt to simulate hypospadia repair with skin tubularization, an experimental model was idealized with rats. Those animals were chosen because they are easy to handle and because they were available in the Animal Room of our institution. However, this model invalidated the use of the catheter in different derivational ways: urethral stent and indwelling catheter, and also because it is performed on the animal back skin where its fur is different from the one on the genital area.
In this study, we observed less fibrosis in the flaps with a more flexible catheter in comparison to the flaps with a less flexible catheter, with no statistical significance. The graph makes it evident that on the flaps where the mold was inserted with a harder silicon catheter there was a higher percentage of fibrosis, followed by situation A and by the situation where a mold was not used. We can also say that in situation S, there was a larger dispersion of the data, because the 25 percentile is higher than the 75 percentile. Perhaps it happened due to the higher capacity of complacence to the adjacent tissue edema. The less flexible catheter had probably a smaller accommodation to the circumferential pressure made by the edema and, therefore, due to the action/reaction principle, there was less vascularization in the tissue and, consequently, more fibrosis, similar to what happened in the model proposed by Lopes et al. 10 This explanation is confirmed when comparing the group with no catheter with those in which the mold was used. In the absence of the catheter, there was significantly less fibrosis.
Comparing Groups I and II, it was observed that time interferes in the fibrotic process, once there was a significant difference in the three situations.
Chiquetti et al. 18 stated that the use of image analysis software reduces the factors that generally induce to misinterpretation when analyzed by the pathologist, directly in the common optical microscope. It should be considered that, in this study, the image analysis program was used to quantify the selected structure based on the amount of color in comparison with the other structures on the same histological section. In an attempt to be more objective, three regular square samples of the area juxtaposed to the lumen of the tubular flap were collected, and the average for each histological section was calculated. 
Discussion
Urethral strictures, after hypospadia repair, are undesirable complications for the patient, for the family and for the surgeon 9 . Its treatment consists of the uncomfortable urethral dilation and, even, a new surgery.
DiSandro and Palmer 9 reported urethral stenosis in 13.3% of 117 studied patients and related this complication to the absorption time of the thread used in the sutures. The authors cited Secrest et al. that reported 34% of stenosis in 190 operated patients. The vascularization of the adjacent skin was considered one of the contributing factors 9 . Authors such as Mathieu, MAGPI, and others used many different techniques.
Urethral stenosis generally happens in the proximal anastomosis due to the caliber difference between the neo-urethra and the original urethra, to the angulation of the longitudinal urethral axis, and to inadequate skin and pedicle flap vascularization 4 . Described by Snodgrass 2 , the technique of tubularization of the adjacent skin with a longitudinal incision of the urethral plate, called TIP (tubularized incised plate), has been thoroughly used for hypospadia repair due to its feasibil-
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Although there was no significant difference, the results suggested that the catheter made of more flexible silicon caused less fibrosis and, thus a lower possibility of stenosis. Perhaps, it would have been evident if we had performed the experiment with a less flexible catheter than the one used (catheter B), that is, we should have compared catheters with higher resistance difference to the diametrical compression. It is also necessary to consider that it is an experimental model in animals, free from the presence of the urinary flow. For some surgeons in favor of the catheter, its use is indicated to mold the neo-urethra, to stabilize the suture line, to drain the urine during cicatrization and to avoid the miccional discomfort in the first days after the surgery 1, 8, 11 . We should also be attentive to the caliber of the catheter lumen to be used as a mold of the constructed neo-urethra. In the material used in this study, the catheter made of less flexible silicon had a smaller internal diameter, which can make the urinary flow difficult, if used for hypospadia correction. When using more flexible catheters, we must observe the possibility of crinkles in the intra-vesical part and/or distally to the urethral meatus, obstructing the urinary flow.
Conclusion
There was no significant difference among the two types of catheter. Fibrosis was less intense in the pieces where the mold was not used.
